ABSTRACT. Association studies of interleukin-6 (IL-6) -174G>C polymorphism and chronic obstructive pulmonary disease (COPD) have yielded inconsistent results, possibly because single studies often lack sufficient statistical power. A comprehensive search was performed in the PubMed, Embase, Elsevier, Web of Science databases, Wanfang, and the Chinese National Knowledge Infrastructure (CNKI) databases for published studies investigating the associations between IL-6 -174G>C polymorphism and COPD. Odds ratios (OR) and 95% confidence intervals (95%CI) were used to assess the possible associations. Seven studies with a total of 2701 subjects were included in this meta-analysis. A significantly increased risk was detected in the C allele of the IL-6 -174G>C in Caucasians (C vs G: OR = 1.16, 95%CI = 1.03-1.30; CC+GC vs GG: OR = 1.21, 95%CI = 1.02-1.42; CC vs GG: OR = 1.32, 95%CI = 1.03-1.70). This meta-analysis suggests that the C allele of the IL-6 -174G>C might act as a COPD risk factor in 8517 IL-6 polymorphism and COPD risk ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (3): 8516-8525 (2015) Caucasians. Further well-designed case-control studies with larger sample sizes are needed to confirm these conclusions.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality worldwide, and is characterized by a progressive limitation to airflow caused by an abnormal airway inflammatory response to inhaled particles and fumes (Vestbo et al., 2013) . Cigarette smoking is the most important risk factor in the etiopathogenesis of COPD; however, only 10-15% of all cigarette smokers develop COPD (Hogg and Timens, 2009 ). This implies that some intrinsic factors, most likely genetic background, might contribute to the individual's susceptibility to COPD.
Polymorphic variants have been currently found in many cytokine genes and are associated with the development of a variety of diseases (Brogger et al., 2006; Galiè et al., 2009; Gingo et al., 2008; Pillai et al., 2009; Sadeghnejad et al., 2009 ). Interleukin-6 (IL-6) is one such cytokine, and is located on chromosome 7p21 and functions as a pleiotropic pro-inflammatory and immunomodulatory cytokine. It is secreted by a variety of lymphoid and non-lymphoid cells including T cells, B cells, monocytes, fibroblasts, hepatocytes, airway endothelial cells, alveolar macrophages, adipocytes, and myocytes as well as other tissues and cells (Hayashi et al., 2000; Fredj et al., 2005; He et al., 2009; Sofi et al., 2009) . Accumulated evidence has suggested that IL-6 is involved in the development of COPD (Ferrari et al., 2013) , with many clinical studies having reported that IL-6 polymorphisms affect the susceptibility of patients to COPD (Seifart et al., 2005; Broekhuizen et al., 2005; Córdoba-Lanús et al., 2008; He et al., 2009; Yanbaeva et al., 2006 Yanbaeva et al., , 2009 . One such polymorphism is the IL-6-174G>C (also called rs1800795) polymorphism in the IL-6 promoter. However, other studies have not shown such an association between the IL-6 -174G>C polymorphism and COPD risk (Danilko et al., 2007; Hsieh et al., 2008; Zhou et al., 2012) . One reason for this discrepancy could be that all of the above studies were performed in an individual medical center with a small sample size. Therefore, it is important to clarify the relationship between the IL-6 -174G>C polymorphism and COPD susceptibility based on all published studies, and the aim of present study was to address this issue using meta-analysis.
MATERIAL AND METHODS

Search strategy
A systematic search was developed in PubMed, Embase, Elsevier, Web of Science databases, Wanfang, and the Chinese National Knowledge Infrastructure (CNKI) databases from inception to October 2014. The following terms were jointly used: ("Interleukin-6" or "IL-6") and (''polymorphism'' or ''mutation'' or ''variation'') and ("Chronic obstructive pulmonary disease" or "COPD"). The titles and abstracts of all articles identified by the search were screened, and potentially relevant articles were retrieved and assessed according to the criteria in the section that follows. No restriction was placed on time period, sample size, population, language, or types of reports.
Inclusion and exclusion criteria
Studies included in this meta-analysis had to meet the following criteria: 1) case-control study in design, 2) evaluated the IL-6 -174G>C polymorphism and COPD susceptibility, 3) the genotype frequency was available, and 4) the genotype distribution of the control population was consistent with Hardy-Weinberg Equilibrium (HWE). Studies were excluded if one of the following existed: 1) it was not a case-control genetic study, 2) it was a duplicated report, 3) no useful data were reported, and 4) other IL-6 polymorphisms other than -174G>C were investigated. Unpublished data were not considered. Disagreements were resolved by discussion before reaching a consensus. If more than one article was published by the same group using the same cases, the study with the higher sample size was selected.
Data extraction
Two reviewers collected the data independently and reached a consensus on all items. The following information was extracted from each study: 1) year of publication, 2) name of the first author, 3) ethnicity, 4) sample size, 5) numbers and minor allele frequency of genotypes in cases and controls, 6) genotyping methods, and 7) P value for HWE of the genotypes in the control group. The corresponding or senior authors of all studies included were contacted by e-mail and asked to confirm the data extracted, or provide data where the paper's content was insufficient. In the case of potential duplicate publications, clarification was sought from the authors and the largest single published dataset was used for the meta-analysis.
Statistical methods
In the present meta-analysis, HWE was tested by the chi-square test, and it was considered statistically significant when the P value was less than 0.05. Heterogeneity was checked by the Q-test, and it was considered statistically significant when the P value was less than 0.10. Fixed-effect models are adopted when P heterogenity is more than 0.10, otherwise, the random-effect model was used. We simultaneously evaluated the risk of the dominant allele models, the recessive allele models, and the co-dominant allele models of the IL-6 -174G>C polymorphism with the calculation of crude ORs and 95%CIs. Sensitivity analysis was carried out by deleting each study at one time. Funnel plots, as well as the Begg rank correlation test and the Egger linear regression test, were used to inspect the potential publication bias, and P < 0.05 was considered a significant publication bias. All analyses were conducted using Stata 12.0 (StataCorp. LP, College Station, TX, USA).
RESULTS
Study characters
Twenty-five studies were relevant to the search terms outlined in the Materials and Methods (Figure 1) . After reviewing the titles, abstracts and articles, 18 studies were excluded. Finally, 7 studies matched the inclusion criteria, and were included in the metaanalysis (Broekhuizen et al., 2005; Seifart et al., 2005; Córdoba-Lanús et al., 2008; Danilko et al., 2007; He et al., 2009; Hsieh et al., 2008; Zhou et al., 2012) . All of the studies included used peripheral blood samples for DNA extraction. Genotyping was performed by an Illumina BeadStation 500G System Illumina Inc. using the GoldenGate assay technology (Illumina Golden Gate Assay, San Diego, CA, USA) in one study (He et al., 2009) , while PCR-restriction fragment length polymorphism was used in the remaining studies. The main features of the studies included in this meta-analysis are presented in Table 1 . 
Results of meta-analysis
The main results of the relationship between IL-6 -174G>C polymorphism and COPD risk are listed in Table 2 . Overall, a significantly increased risk was detected in the C allele of the IL-6 -174G>C polymorphism (C vs G: OR = 1.16, 95%CI = 1.03-1.30, P = 0.02; CC+GC vs GG, OR = 1.21, 95%CI = 1.02-1.42, P = 0.03; CC vs GG: OR = 1.32, 95%CI = 1.03-1.70, P = 0.03). Studies were then stratified according to ethnicity. Only two small-sample size studies have been published on the association between the IL-6 -174G>C polymorphism and COPD among Asians, and the results suggest that the IL-6 -174G>C polymorphism may not be an independent risk factor for COPD susceptibility (Table 1) . Furthermore, a markedly increased risk of COPD was found for the IL-6 -174G>C polymorphism among Caucasians (C vs G: OR = 1.16, 95%CI = 1.03-1.30, P = 0.02; CC+GC vs GG: OR = 1.21, 95%CI = 1.02-1.42, P = 0.03; CC vs GG: OR = 1.32, 95%CI = 1.03-1.70, P = 0.03) (Figures 2-4 
Test of heterogeneity, sensitivity analyses, and publication bias
We found that there was no significant heterogeneity between all studies when analyzed for the association between the IL-6 -174G>C polymorphism and COPD risk, so we adopted fixed-effect models. The results of the heterogeneity test and statistical models for this meta-analysis are all listed in Table 2 . All genotypes in the control groups conformed with the HWE (P > 0.05). We performed a sensitivity analysis for each IL-6 -174G>C polymorphism association by sequentially omitting individual studies. The corresponding pooled ORs were not materially altered, indicating that our results were statistically robust (data not shown). The funnel plot and the Begg test were used to assess publication bias. There was no evidence of publication bias in our study ( Figure 5 ). Results showed that there was no publication bias (all P > 0.05). 
DISCUSSION
Human genetic studies are indispensable in understanding the molecular basis of diseases including COPD. Many candidate genes, including IL-6 (Broekhuizen et al., 2005; Danilko et al., 2007; Córdoba-Lanús et al., 2008; He et al., 2009 ), IL-8 (Shen et al., 2008 , tumor necrosis factor (Küçükaycan et al., 2002) , disintegrin and metalloprotease 33 (Sadeghnejad et al., 2009; Wang et al., 2009; Xiao et al., 2011) , and beta 2-adrenoceptor (Hegab et al., 2004; Matheson et al., 2006) have been reported to be involved in COPD susceptibility. IL-6 is a potential mediator of inflammation in COPD, and has been shown to be increased in serum, exhaled breath condensate, and sputum during stable conditions and exacerbation, predicting a faster decline in forced expiratory volume in one second (Agustı et al., 2003; Donaldson et al., 2005; He et al., 2009) . The most studied IL-6 polymorphism, IL-6 -174G>C, has been shown to be associated with an increased risk of cardiovascular events and related risk factors such as C-reactive protein, fibrinogen, and hypertension (Jenny et al., 2002; Vickers et al., 2002; Chaouat et al., 2009) . That being said, the results for the relationship between IL-6 -174G>C variants and COPD risk are inconsistent (Broekhuizen et al., 2005; Seifart et al., 2005; Danilko et al., 2007; Córdoba-Lanús et al., 2008; Hsieh et al., 2008; He et al., 2009; Zhou et al., 2012) . Therefore, it is critical to systematically evaluate all studies from different groups and to quantify the overall risk associated with the IL-6 -174G>C polymorphism and COPD.
We also conducted the stratified analysis by ethnicity to minimize the heterogeneity among different human populations. In the population of Caucasian, a significant association between the IL-6 -174G>C polymorphism and COPD risks was detected in the allele model (C vs G), dominant model (CC+CG vs GG), and co-dominant model (CC vs GG). Since few studies published in Asian population (Hsieh et al., 2008; Zhou et al., 2012) , we could not do data synthesis due to limited power. However, we still observed that the C alleles were not found in these two small-sample size Asian population studies, indicating that the IL-6 -174G>C polymorphism may not be an independent risk factor for COPD susceptibility among the Asian population. These results suggested that the IL-6 -174G>C polymorphism might be a risk factor for COPD among Caucasians. However, future studies need to further confirm the results.
Evidence suggests that the allele C of IL-6 -174G>C was higher in COPD patients than those in healthy smoker controls (He et al., 2009) . It has been shown that the -174G/C polymorphism of the IL-6 promoter region has a direct effect on gene transcription. Allele C of the IL-6 -174G>C polymorphism is expressed at lower levels in comparison to allele G, which has been previously associated with increased circulating IL-6 levels, cardiovascular disease, and cardiovascular disease-related mortality in populations of older adults (Humphries et al., 2001; Jenny et al., 2002; Mayosi et al., 2005) . However, Broekhuizen et al. (2005) did not find an association between the IL-6 -174G>C polymorphism and a cachexia phenotype in subjects with COPD. Moreover, Córdoba-Lanús et al. (2008) reported that the IL-6 -572G>C but not the IL-6 -174G>C polymorphism was associated with COPD. Yanbaeva et al. (2009) were the first to show that a haplotype of the IL-6 gene was associated with an increased risk of moderate-to-severe smoking-induced COPD. It is worth mentioning that a recent genomewide association study found the single nucleotide polymorphisms in the IL-6 receptor gene that was associated with lung function phenotypes and COPD (Wilk et al., 2007; Sin and Man, 2008) . However, given the frequent lack of reproducibility in genetics (e.g., due to gender, age, smoking history, race etc.), well-designed case-control studies with larger sample sizes are needed to confirm these results.
Several limitations of this study should be addressed. First, only published studies were retrieved in the present study. Furthermore, a publication bias might be possible, even though Funnel plots and the Egger test did not find any publication bias. Second, only two small-sample size studies have been published on the association between the IL-6 -174G>C polymorphism and COPD among the Asian population. Therefore, to conduct a more precise analysis of the effect of the polymorphism on COPD risk, additional studies with larger sample sizes and concerning different ethnicities are particularly warranted. Third, the potential gene-gene and gene-environment interactions were not addressed due to insufficient data, which might also affect the accuracy of the results. Considering these limitations, the results of the metaanalysis should be interpreted with caution and well-designed case-control studies with larger sample sizes are needed to confirm these results. In summary, this meta-analysis suggested that the C allele of the IL-6 -174G>C polymorphism may act as a COPD risk factor in Caucasians, but not in Asians.
